To determine the recording capabilities of the POLY-MESAM (PM) unit (MAP; Martinsried, Germany), an American Sleep Disorders Association level III system, and to compare it with simultaneous 12-channel polysomnography in the sleep laboratory. Measurements and results: Fifty-three patients (49 men and 4 women) with obstructive sleeprelated breathing disorders of varying severity were included. The apnea-hypopnea indexes (AHIs) obtained using the two methods differed significantly from each other, although the correlation was close. The PM unit produced false-negative results in patients with mild to moderate obstructive sleep apnea (OSA). The sensitivity of the PM unit in detecting patients with an AHI > 10 was 92%, while the specificity was 96.3%. Conclusions: The correlation of AHIs obtained with polysomnography and with the PM unit is close. However, in some cases, the PM may underestimate OSA parameters. The PM unit produces false-negative results in patients with mild to moderate OSA. While inpatient polysomnography remains the "gold standard," the PM unit may provide an inexpensive alternative in some special cases.
T he "gold standard" for the diagnosis of respiratory abnormalities during sleep is a full night of sleep for the patient while being observed and recorded in the laboratory with polysomnography. This is classified by the American Sleep Disorders Association (ASDA) as a level I sleep study. 1 This procedure is both labor and resource intensive, and, so, alternatives are desirable. A variety of devices that can be used at home are available, and these have been categorized by the ASDA into the following three levels.
1. Level II studies. These are comprehensive studies using portable polysomnography devices that measure both respiratory and sleep variables.
2. Level III studies. These are studies using unattended recording devices (modified portable sleep apnea testing) that allow for the assessment of cardiorespiratory variables only. 3. Level IV studies. These studies comprise continuous single or double bioparameter recordings.
One level III device that measures thoracic and abdominal respiratory movements and combined oronasal flow is the POLY-MESAM (PM) unit (MAP; Martinsried, Germany). 2 This device is an upgrade from its predecessor the MESAM4. The purpose of this study is to determine the recording capabilities of the PM unit compared to those of simultaneously performed 12-channel attended polysomnography in the sleep laboratory.
Materials and Methods
Patients who attended our clinic for sleep-related respiratory disorders and snoring were randomly selected. Those with chronic obstructive lung disease and cardiac insufficiency (New York Heart Association score Ͼ 2) were excluded. Fifty-three subjects were recruited and admitted to the hospital, were examined further, and underwent simultaneous polygraphy and polysomnography. For polygraphy, the PM unit was used, and for . The PM unit has been described earlier. 2 It is a small monitor that can be attached to the patient and, in the standard version, has the following seven channels: (1) a flow sensor for joint registration of nasal and oral breath flow; (2) a laryngeal microphone; (3) a three-channel ECG; one stress-sensitive belt each for the (4) thorax and (5) abdomen; (6) a positional sensor for determination of body position; and (7) a pulse oximeter. A computer (IBM; New York, NY) is needed for the evaluation, and the software used in our department (POLY-MESAM, version 1.42; MAP; Martinsried, Germany) automatically calculates the apnea-hypopnea index (AHI), the apnea index (AI), the hypopnea index (HI), the oxygen desaturation index (ODI), the heart rate variation index, and the movement index. Besides presentation of the data in the form of diverse graphs, evaluation of the raw data is also possible.
Polysomnography was performed on an inpatient basis (level I sleep study) using the SIDAS GS system, which in this study recorded 12 channels. There were similar cardiorespiratory channels to the PM unit but also two EEG channels, two electro-oculography channels, and two electromyogram channels (sensors to the anterior tibialis and genioglossus muscles).
Patients were admitted to the clinic at 9:00 pm, and the sensors of both units were attached by technicians in the sleep laboratory. Measurements were recorded between 10:30 pm and 5:30 am. Periods during which patients were awake during the recording time were purposely not documented. The next morning, patients were disconnected from the machines and were discharged.
The evaluation of the recordings was performed in a doubleblinded manner by examiners who were not familiar with the patients or with the results of the other recording method. For the SIDAS GS system, only manual findings returned by an experienced examiner have been used because the software for automatic evaluation of sleep stages delivers partially incorrect data. Therefore, computer-generated findings were rejected. For the PM unit both automated and hand-scored data analysis were provided and discussed. For the PM unit, the indexes for AHI, AI, HI, and ODI are based on the total measurement period from 10:30 pm to 5:30 am, while for complete polysomnography recordings, these parameters were recorded for the entire period of sleep. Thus, periods of possible wakefulness were deducted from the total measurement time of polysomnography.
The analysis of sleep stages was performed according to the guidelines of Rechtschaffen and Kales 3 in 30-s intervals. Arousals were counted in the polysomnograms. In both systems, a reduction in oxygen was recorded for oxygen desaturations of at least 4%, independent of the simultaneous occurrence of an apnea or hypopnea episode. The minimum duration of an apnea or hypopnea episode was set at 10 s. Apneas were diagnosed in cases in which respiratory flow was reduced to Ͻ 20% of the normal level, while hypopneas were designated as reductions in flow of 50 to 80%, independent of the presence of oxygen desaturations.
Authorities are divided on the diagnosis of sleep apnea. Some require an AHI of at least 10, 4 -6 others require 20. 4, 7 Other authorities use an AI of at least 10. 7 The findings from polygraphy and polysomnography were compared, and sensitivity and specificity were calculated for AHI values of 10, 15, and 20 and AI values of 5 and 10.
In order to test the hypothesis that measurement of the AHI is comparable using both methods, the paired t test was used. Representation of the AHI findings was performed using the method of Bland and Altman. 8 
Results
In general, values recorded by the PM unit were lower than those returned by standard polysomnography. This can be seen in Table 1 , which presents data regarding the ODI, AHI, AI, HI, and arousal index (ie, the number of arousals per hour of sleep) in the complete patient group. Raw data for individual patients are presented in Table 2 .
The evaluation of data returned by polysomnography yielded AHI values between 0.2 and 75. For the AHI parameter, the paired t test at 52 degrees of freedom yielded a value of 3.52. The value t 0.95 for the 95% confidence interval stands at 1.68. The original base hypothesis that identical results would be obtained using both level I (polysomnography) and level III devices (the PM unit) is, thus, disproved. Figure 3 shows the difference between the AHI values for both types of measurements in comparison with their averages. It is clear that the PM unit underestimates the polysomnography findings.
Findings for the AI parameter were comparable. The paired t test yields a t value of 4.4 (t 0.95 ϭ 1.68). Therefore, the AI values also did not tally in a statistically significant manner.
During polysomnography, 21 patients had an AHI of Ն 20, 23 patients had an AHI of Ͼ 15, and 25 patients had an AHI of at least 10. Twenty patients had an AI of at least 10, while the remaining 33 patients had an AI Ͻ 10. Twenty-three patients had an AI of at least 5.
In contrast, findings returned by the PM system correctly identified 15 of 21 patients with an AHI of at least 20, 20 of 23 patients with an AHI of Ͼ 15, and 23 of 25 patients with an AHI of at least 10 as suffering from sleep apnea. The values for sensitivity are shown in Table 3 . Similarly, 17 of 20 patients with an AI of at least 10 and 21 of 23 patients with an AI of at least 5 were correctly identified (Table 3) .
In the present study, 26 of 27 patients with AHIs Ͻ 10 were correctly identified as not suffering from sleep apnea. This corresponds to a specificity of 96.3%. Similarly, 29 of 30 patients with AHIs Ͻ 15 and 30 of 31 patients with AHIs Ͻ 20 were identified correctly. This corresponds to specificities of 96.7% and 96.8%, respectively. Concentrating on the AI, all 30 patients with AIs Ͻ 5 and all 33 patients with AIs Ͻ 10 were correctly classified using the PM unit (Table 3) .
Discussion
This study and previous studies comparing level III devices with the "gold standard" of polysomnography suffer from the inherent problem that for study purposes both types of measurement systems are used while being attended in the laboratory. Of course, by definition, level III devices are not designed to be used in this way. Laboratory use may give a false degree of reliability that is not found when used in the home.
In the present study, there was a high degree of correlation between the findings of the two measurement systems for both AHI (r ϭ 0.965) and AI (r ϭ 0.971) (Fig 1, 2) . Due to larger variation, the correlation between findings returned for HI and ODI is less pronounced despite comparable median values (Table 1) . Nevertheless, it was not possible to demonstrate statistically that the polysomnography test method and the level III study using the PM unit yielded identical test results.
Considering the total patient group (Table 1) , one sees that values for AHI and AI measured by polygraphy (PM unit) are lower than those returned by polysomnography. The higher the value for AHI or AI using polysomnography, the greater the degree to which the level III study underestimates the result (Fig 3) . This is probably due to differences in measurement scope. Whereas the PM unit bases its index scores on the total measurement time (or total time in bed [TIB]), the corresponding indexes scores are calculated by polysomnography on the basis of total sleeping time (TST). 5 It is conceivable, for example, that a patient may actually sleep for only 50% of the ambulatory recording time. In this instance, the indexes measured with polygraphy would be only half as high as they would be in reality.
In the present study, the average TIB (PM unit) was 400 min, and the average TST (polysomnography) was 321 min. Therefore, one may assume that the PM unit may significantly underestimate the severity of disease in individual cases. If the TIB is used as the basis for the polysomnographic findings instead of the TST, the average deviation of AHI is 0.45 Ϯ 3.79. The t test yields a value for t of 0.864. It can, therefore, be shown that AHI values do not statistically differ from each other (p Ͼ 0.95). In other words the differences between AHI measured with polysomnography vs the PM unit disappear if the AHI measured with polysomnography is calculated on the basis of total recording time rather than TST.
The sensitivity of a method is based on the number of patients with a given disease that are correctly identified as suffering from that disease. In the present study, the PM system failed to identify 2 of 25 patients with an AHI of at least 10 and 5 of 21 patients with an AHI of at least 20 as suffering from sleep apnea (false-negative). This corresponds to sensitivities of 92% and 71.4%, respectively. Similarly, of 23 patients with an AI of at least 5, 2 patients were not correctly identified, resulting in a sensitivity of 91%. Three of 20 patients with an AI of at least 10 were not identified, corresponding to a sensitivity of 85%. It seems clear that the higher that the AHI and AI levels have been set, the more difficulty the PM unit has in correctly classifying patients. In other words, the PM unit underestimates obstructive sleep apnea (OSA) with increasing severity.
Conversely, the specificity of a method corresponds to the proportion of study subjects not affected by a given disease that is correctly classified as not having that disease. In the present study, 26 of 27 patients with an AHI Ͻ 10 and all 30 patients with an AI Ͻ 5 were correctly identified by the PM unit as not suffering from sleep apnea. Hence, the specificity of the method is 96.3 to 100% ( Table 2) .
As can be seen from the issues discussed above, depending on the definition used, a certain number of patients affected by sleep apnea may escape detection in a level III study using the PM unit and, therefore, will not be referred for further diagnostic procedures in the sleep laboratory.
Our results show that up to 20% of OSA patients were not recognized by the PM unit. Peer-reviewed evidence in the medical literature confirms that cardiorespiratory sleep studies (level III studies) can produce false-negative results in patients with mild to moderate apnea and should be reserved for patients for whom the probability of having moderate to severe OSA is high. 9 Severe cases of OSA are usually apparent at clinical examination. 10 A patient who continues to have excessive daytime sleepiness but a negative cardiorespiratory sleep study usually requires further testing with a full polysomnography.
The indications for a level III study with the PM unit can be derived from the above discussion and from the following recommendations of the ASDA for the use of portable polysomnography units and related examination methods. 1, 9 Standard attended polysomnography (level I study) is the accepted test for the diagnosis and determination of the severity and treatment of OSA. 1 The PM unit might be an acceptable alternative in the following instances: (1) for patients with severe clinical symptoms that are indicative of a diagnosis of OSA, and when the initiation of treatment is urgent and standard polysomnography is not readily available; and (2) for patients unable to be studied in the sleep laboratory.
A comparison of the PM and earlier MESAM4 units regarding their respective sensitivity and specificity is of interest. In the literature, sensitivity is indicated to be between 78% and 100%, and specificity between 63% and 100%. 1, [5] [6] [7] The number of patients included ranged from 37 to 68. In each instance, only the best results (manual interpretation 5-7 ) are given. It is of note that both the PM and MESAM4 units yield comparable results. The superiority of manual interpretation is often cited. [5] [6] [7] It is possible that, in other studies, the examiners performing the manual scoring devoted more time and effort, paying particular attention to pulse rate. 2 The advantage of using the more costly and complex PM unit is the possibility of discriminating different kinds of breathing events due to the additional use of the thermistor for combined oronasal flow and thorax and abdomen belts. This distinction, however, is uncertain unless esophageal balloons are used. In any case, however, the precision of the PM unit can be significantly increased by the addition of an objective measurement device for oronasal respiratory flow, such as the pneumotachograph. 5, 11 On the basis of its above-described application, the PM unit appears to be an improvement over its predecessor, the MESAM4 unit.
An earlier study of 104 patients showed that the PM unit was well-suited for ambulatory use. 2 Faulty recordings were returned in 5.8% of patients. Two sensors (one thermistor for oronasal respiration and one pulse oximeter probe) broke and had to be replaced. The average total time spent by physicians was 33 min per patient (patients were attached to the recording devices in the sleep laboratory), and 22 min when the patients attached themselves to recording units. Scoring times averaged 9.3 min for the whole group. Hence, a level III study using the PM unit is significantly less expensive than a fully attended level I study in the sleep laboratory. Though, according to the reported sensitivities and specificities, repeat testing with fully attended polysomnography after testing with the PM unit might negate the initial decrease expense.
Conclusion
The correlation of AHIs using polysomnography and the PM unit is close. However, in some cases, the use of the PM unit results in an underestimation of the AHI. The PM unit produces false-negative results in patients with mild to moderate OSA. Although inpatient polysomnography remains the "gold standard" because of that reason, the PM unit may provide an inexpensive alternative for the indications recommended by the ASDA. 1 
